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Stem Cells in the Hair Follicle and 
Interfollicular Epidermis of Mice 
following Topical Application of 
Fluocinolone Acetonide
R.J. Morris1
One of the major adverse reactions to chronic treatment with glucocorticoids is 
cutaneous atrophy followed by resistance to continued treatment. Chebotaev 
et al. report that keratinocytes from both the hair follicle bulge and interfol-
licular epidermis of mice express the glucocorticoid receptor. Unexpectedly, 
however, bulge keratinocytes appeared to develop resistance more slowly than 
interfollicular keratinocytes, and appeared not to contribute to the repair of 
the atrophic epithelium.
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The continuously renewing cutane-
ous epithelium contains populations 
of slowly cycling, self-renewing stem 
cells, transit amplifying cells with more 
limited proliferative potential, and ter-
minally differentiating cells that do not 
normally proliferate. In recent years, 
specific markers have been found for 
murine stem cells in the slowly cycling 
hair follicle bulge that include the cell 
membrane markers, CD34 (Trempus 
et al., 2003; Blanpain et al., 2004), 
histone 1B (Tumbar et al., 2004), cyto-
keratin-15 (Morris et al., 2004; Ito et 
al., 2005), and lack of expression of 
CD71 (Tani et al., 2000). As yet, spe-
cific selectable markers for interfollicu-
lar stem cells have not been reported, 
although compelling evidence for their 
existence has come from the presence 
of slowly cycling [3H]thymidine label–
retaining cells in the centers of the epi-
dermal proliferative units (Bickenbach, 
1981; Morris et al., 1985; Potten, 1986) 
and from mathematical modeling 
approaches based on cell kinetic stud-
ies (Loeffler et al., 1987). Other recent 
evidence implicates long-lived cell 
populations in the sebaceous glands as 
well as in the intrafollicular infundibu-
lum that appear to be involved in tissue 
homeostasis (Ito et al., 2005; Levy et 
al., 2005; Ghazizadeh and Taichman, 
2001; Horsley et al., 2006; Taylor et 
al., 2000).
Because of their lifelong high pro-
liferative capacity, their residence in a 
protective niche, and their multipoten-
tial nature in vivo and in vitro, hair fol-
licle bulge keratinocytes are considered 
the major source of regenerative cells, 
not only for the hair follicles but also for 
repair and regeneration of the epider-
mis. Nevertheless, a recent study from 
the Cotsarelis laboratory suggested that, 
after wounding, progeny of interfollicu-
lar keratinocytes can regenerate intact 
hair follicles (Ito et al., 2007).
The glucocorticoid hormones, such 
as fluocinolone acetonide (FA), are 
widely used to treat a number of aller-
gic, hyperproliferative, and inflam-
matory conditions, including atopic 
dermatitis, psoriasis, and other cuta-
neous disorders. However, one of the 
unfortunate consequences of chronic 
glucocorticoid therapy is cutaneous 
atrophy, characterized by thinning of 
the epidermis and fragility of the skin. 
The article by Chebotaev et al. (2007, 
this issue) contains two interesting new 
observations on follicular vs. interfol-
licular keratinocyte behavior in mice 
during and following treatment with 
the glucocorticoid FA. First, to deter-
mine possible differences in stem cell 
responses, they studied the expression 
of the glucocorticoid receptor by flow 
cytometrically isolating α-6 integrin 
and CD34 double-positive bulge cells, 
followed by analysis on gene-expres-
sion arrays. This analysis, followed by 
quantitative real-time PCR, revealed 
that expression of glucocorticoid 
receptor (GR) mRNA in bulge cells was 
30 to 40% higher than in α-6 integrin-
positive CD34-negative basal kerati-
nocytes. These results were confirmed 
qualitatively by immunohistochemistry 
in tissue sections and established that 
hair follicle bulge cells, like the inter-
follicular epidermis, express functional 
glucocorticoid receptors and are sensi-
tive to FA-induced growth inhibition.
Second, Chebotaev et al. (2007) 
determined whether bulge keratino-
cytes are stimulated to proliferate and 
are thus involved in the restoration of 
homeostasis after the development of 
FA-related skin atrophy. Using different 
regimens of FA treatment, they dem-
onstrated that only a 50% depletion of 
the interfollicular keratinocyte popula-
tion triggers a proliferative response in 
the epidermis. Unexpectedly, follicular 
bulge keratinocytes developed resis-
tance to glucocorticoid more slowly 
than basal keratinocytes and appeared 
not to contribute significantly to the 
repair of the epidermis following skin 
atrophy within the 5-day duration of 
the study. The authors concluded that, 
in contrast to interfollicular keratino-
cytes, the downregulation of the glu-
cocorticoid receptor in bulge keratino-
cytes is incomplete.
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Cells of the 
interfollicular epidermis 
and cells of hair follicles 
respond differently to 
glucocorticoids.
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I submit, however, that the experi-
mental design used by these authors 
might not have gone far enough to 
implicate a compensatory proliferative 
response by hair follicle bulge kerati-
nocytes and that further studies using 
longer intervals may be required. Here 
are three widely different examples of 
delayed follicular responses, as com-
pared with interfollicular responses. 
Epidermal cells respond quickly fol-
lowing ionizing radiation, whereas the 
follicular reaction follows several days 
later (Al-Barwari and Potten, 1976). 
Similarly, perhaps, the interfollicular 
epidermis responds within 18 to 24 
hours to an application of the phorbol 
ester tumor promoter, 12-O-tetradec-
anoylphorbol-13-acetate (Morris et 
al., 1985), whereas the follicular epi-
thelium requires several applications 
(Cotsarelis et al., 1990) and as much 
as 2 weeks in tumor promotion studies, 
before the hair follicle bulge keratino-
cytes respond by proliferation (Binder 
et al., 1998; Morris, unpublished 
observations). Moreover, we dem-
onstrated that topical application of 
5-fluorouracil to mice kills most cycling 
interfollicular epidermal cells, whereas 
keratinocytes of the follicular bulge are 
spared. As a case in point, following 
5-fluorouracil treatment, the follicular 
proliferative response follows the inter-
follicular compensatory response by 
almost 2 weeks (Morris et al., 1997). I 
therefore suggest that after chronic FA 
administration study intervals longer 
than 5 days might prove informative.
Although such behavioral differenc-
es between cells of the interfollicular 
epidermis and cells of the hair follicles 
have been known for many years, the 
molecular mechanisms for the differ-
ences in proliferative responses remain 
elusive. It may be that each of these 
various treatments or procedures affects 
interfollicular epidermis and hair fol-
licles differently because of their dif-
ferent biochemical profiles. However, 
the longer time delay in the case of the 
follicle bulge keratinocytes suggests the 
possibility of something more compli-
cated—perhaps the bulge cells actu-
ally respond to factors produced by the 
proliferating interfollicular epidermis 
or to something made at a later time by 
mesenchymal or inflammatory cells. Or 
perhaps the hair follicle bulge cells sim-
ply require more time to recover from 
quiescence than the interfollicular stem 
cells because of their relatively greater 
quiescence, resulting in a delayed pro-
liferative response. It would therefore 
be interesting to examine the effects 
on follicular bulge keratinocytes after 
a longer interval following administra-
tion of FA. It would also be interesting 
to examine the delayed responses of 
follicular bulge keratinocytes and inter-
follicular epidermal cells to several 
physical and chemical treatments in a 
controlled study.
In summary, the article by 
Chebotaev and associates (2007) 
presents several interesting new find-
ings on the responses of interfollicular 
and follicular keratinocytes to gluco-
corticoids. They determined that GR 
expression was significantly decreased 
in interfollicular epidermal cells upon 
FA treatment, whereas many follicular 
bulge keratinocytes retained GR in the 
nucleus and did not significantly con-
tribute to the epidermal proliferation 
after FA-induced atrophy within the 
5-day duration of the study. In addi-
tion to new findings on the mecha-
nisms of glucocorticoid action on the 
cutaneous epithelium, this investiga-
tion raises new questions as to whether 
there might be a common mechanism 
of activating follicular bulge cells or 
whether there are multiple agent- or 
pathway-specific mechanisms.
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